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These experiments have revealed some features of interest in the incorporation of these labelled compounds into synaptosomal subfractions. Generally the relative order of labelling as expressed by specific radioactivities was phosphatidylinositol >phospha-tidylcholine > phosphatidylserine > phosphatidylethanolamine. The specific radioactivities of phosphatidylcholine and phosphatidylethanolamine in the vesicle fraction were higher with each labelled compound used than the corresponding values in the microsomal (E) fraction. The relation for phosphatidylserine and phosphatidylinositol varied with the tracer used. Analyses of marker enzymes indicated that fraction E had a higher specific content of microsomal membranes, outer mitochondria1 membrane and plasma membrane than did the vesicle fraction. Thus it was considered that the enhanced labelling of the phospholipids in the vesicle fraction was attributable to the vesicles. Although synaptic vesicles are capable of incorporating CDP-choline into phospholipid (Miller & Dawson, 1972) , it was considered possible, particularly as radioactivity derived from [l-3H]glucose was localized in the glycerol backbone of the labelled phospholipid, that there exists a small amount of intrasynaptosomal endoplasmic reticulum with the possibility of intrasynaptosomal phospholipid transport [as suggested by Miller & Dawson (1972) J. The enzymes involved in the independent acylations of lysophosphoglycerides may exist in synaptic vesicles, but the incorporation of labelled fatty acids with respect to radioactivity derived from glucose in the vesicle and microsomal phospholipids does not lend support to such a possibility. It is probable that retinal degeneration in inherited retinal dystrophy is the result of a number of defects af€ecting different enzyme systems. The pigment epithelium of dystrophic rats has lost the ability to phagocytosize spent photoreceptor-cell outer segments (Herron et a/., 1971) . This may be due either to an inherited defect in the enzymes or membrane structures involved in phagocytosis in the pigment epithelium or to some change in the properties of the outer segments which interferes with the ability of the pigment epithelium to engulf them. The failure to remove spent outer segments results in a buildup of visual pigment between the retina and pigment epithelium. This accumulation could result in retinal degeneration either by interfering with the nutritional supply of the retina or by an accumulation of its breakdown product, retinol, labilizing retinal
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and pigmentepithelium lysosomes (Reading, 1970; Dewar et al., 1975) . This mechanism is dependent on light, and light-deprivation significantly retards degeneration Yates et al., 1974) , presumably by slowing down both the production of rod outer segments and the breakdown of rhodopsin.
Complete light-exclusion, however, only produces an approximate 50 "/o improvement in the condition of the retina, and it appears probable therefore that another mechanism which is light-independent is also operative. It has been demonstrated that the dystrophic rat retina lacks the M-type lactate dehydrogenase from birth (Graymore, 1964) . Schmidt & Lolley (1973) showed that in the dystrophic C3H mouse an abnormality in cyclic AMP metabolism occurred before the onset of photoreceptor-cell degeneration. In normal mice the appearance of a high-K, phosphodiesterase accompanies the differentiation and growth of the photoreceptor-cell outer segments. In C3H mice this high-K, phosphodiesterase'fails to appear. In view of these findings and the importance of cyclic nucleotides in photoreceptor differentiation and function (Chader, 1971 ; Miller et al., 1971) we decided to study retinal phosphodiesterase in the normal and dystrophic rat. This enzyme is also of interest, since its activity is unaffected by light (Pannbacker et al., 1972) .
Albino dystrophicrats of the Campbell strain and sighted rats of the PVG (pigmented) strain were killed at ages ranging from 1 day to 14 weeks. The retinae from each animal were removed and homogenized in 0.5ml of water at 0°C. Portions (50~1) of this homogenate were added to a series of Eppendorf tubes containing 700p1 of a medium of the following composition: 0.5mg of bovine serum albumin (Sigma), 100,ug of Ophiophugus hunnah (king cobra) venom (Sigma) and 0.lml of 100m-MgC1, in 5ml of 0 . 0 5~-imidazole-HCl buffer, pH7.6. Each tube was incubated at 37°C for 5min and 5 0~1 of a 10.53mg/nil solution of cyclic AMP added to a h a 1 concentration of 2 m . Tubes were incubated for 0-75min. The reaction was terminated by the addition of 0.2ml of 50% (w/v) trichloroacetic acid at 0°C. The tubes were left in ice for 15-20min to allow complete precipitation of protein. This was removed by centrifugation and the supernatant made up to a final volume of 3rd with water. This supernatant was assayed for Pi by the method of Martin & Doty (1956) ; 1 nmol of Pi is produced for every nmol of cyclic AMP hydrolysed. The protein content of the retinal homogenate was determined by the method of Lowry etal. (-1951) . The cyclic AMP phosphodiesterase activity was calculated from the initial rate of hydrolysis of cyclic AMP and expressed as nmol of cyclic AMP hydrolysed/min per mg of retinal protein.
This method was based on that of Schmidt & Lolley (1973) . The main difference from it was the use of a snake-venom nucleotidase rather than alkaline phosphatase to split PI from the 5'-AMP produced by the action of phosphodiesterase on cyclic AMP. The other difference was one of scale.
To study the kinetics of retinal phosphodiesterase, retinal homogenates were prepared from approximately 50 eyes (0.5ml of water per two retinae). A 5 0~1 portion of this homogenate was used per incubation tube. Phosphodiesterase activity was measured with substrate concentrations ranging from 0.01 to 4.Om-cyclic AMP, by using incubation times of up to 60min. The reciprocal of the initial rate of cyclic AMP hydrolysis was plotted against the reciprocal of the substrate concentration.
In PVG rats the specific activity of retinal cyclic AMP phosphodiesterase increased considerably during maturation (Fig. 1) . In Campbell rats this postnatal increase in phosphodiesterase activity was substantially lower than in the normal retina and by 9-12 days (i.e. before the onset of photoreceptor degeneration) the specific activity of phosphodiesterase in the Campbell-rat retina was significantly lower than that in the PVG rat. Kinetic analysis of the retinal phosphodiesterase in mature (14-week-old) PVG rats revealed the existence of two activities, one with a low Km and one with a high K,. In retinae from corresponding Campbell rats only the low-K, enzyme was present (Fig. 2) . Kinetic analysis of retinal phosphodiesterase from 1-3-day-old PVG and Campbell rats showed that at this age in both strains only the low-K, activity was present. The development of this high-Km activity in the PVG rats corresponded in time-course to the onset of differentiation of the photoreceptor cells. In the Campbell rats the high&, enzyme 14 , , , , , , , , , , , , , , We have thus demonstrated that the dystrophic rat, like the dystrophic mouse, has a defect in retinal phosphodiesterase which precedes the onset of photoreceptor degeneration. In the mouse this defect results in an abnormally high retinal cyclic AMP concentration by 10 days of age . If this also applies to the rat, it would be tempting to produce a unified hypothesis of retinal degeneration by postulating that high concentrations of retinal cyclic AMP, in addition to disrupting photoreceptor-cell function, are responsible for the inability of the pigment epithelium to phagocytosize. There is evidence that cyclic AMP controls this process and inhibits it at high concentrations (Zurier et al., 1973) . However, the situation is unlikely to be as simple as this, since the VOl. 3
